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FOREWORD

Initiated by the contrsctor some years sgo as portions of research
on the determinants of many aspects of form and function i{n men and other
primates, the studies described herein hsve never previously been more thsan
very briefly and incompletely presented in papers read at professional

weetings,

In the preparation of this more formal and complete report, the
very helpful cooperation and encoursgement of Lt, Col, Hamilton H, Blackshear,
USAF, MC, Maj. James Cook, USAF, VC, and Maj. Robert H. Edwards, USAF, MC,
of the Aeromedical Research Laboratory of Holloman Air Force Base, New

Mexico, is gratefully acknowledged.




ABSTRACT

Maximu suspension time from g parsllel r¢d for infant primates, includ-
ing humsns (155 seconds, two-handed), chimpanzees (5 minutes, one-handed),
and rhesus monkeys (33 mim:tes, one-hsnded) approximately equals or exceeds
that of adults of the same species, remarkably., Interzpecific and intersge
differences sre ascribable to geometricel similitude, because, with morpho-
logical proportionality and physiological equivalence, larger animsls are
relatively wesker,

Equally perplexing, the legs and feet of gibbons ere proportionately
less massive and architecturally more poorly constructed for supporting
strength than those of great apes, yet gibbons walk erect with great fre-
quency and duration; the same surprising contrast exists between immature
and adult pongids. 1in both instances geometrical similitude is operative,
with optimum form only partially compensating for the handicap of larger
body-size.

Since man's bipadalism-adopting ancestor was probably very small upon
descent from arboreslism, the time of descent and initiation of the hominid
radiation was probably very esrly geologically, likely Late Eocene or Early
0Oligocere.

These anaslyses slso provide the key to the interpretation of meny

other phenomens of primate form and function,
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FACIORS 1M THEZ 208TURE AND GHASPING STREHGTH OF MUNKBYS, APRS, AHD MAN

1, INTROWUCTION

The remarksble sbility of human infants to support themselves with
slzost superhumsn (or at least super-infant) strength while hanging from
8 horizontal rod, as well as the almost equally peculisr ability of the
gibbon to walk erect more frequently aud for longer distances than any
other spe - despite the fsct that the gibbon is more speciaslized for
brachfstion and hos less well-developed supporting legs ond feet than any
of his simian relstives -- constitute two of the most perplexing phenomena
in primatology. As will be exemplified in this paper, the explanations
for these phenomens are it only of interest per se but have applications,
through comparisons of moirphological, physiological, and behavioral
characteristics, to geemingly unrelsted phenomena end even to the phylo-
genetic history of the higher primares,

2. GECMETRICAL SIMILITULE

The principles of geuwetiical similitude pertain to the fact that
gecoetrically similar ovgunisms of different size do not maintain geo-
wetrically similac conponent structuces when weintaining equivalent
functions, Despit= thefi recoguition by Galileo centuries sgo (Thowpson,
1942, 5. 27), these piiaciples have been employed only rarely in the
biclegical aciences, and virtuslly not at all in primstolegy,

As one example of their spplicetion, the eyes of the whale need be
no larger then those of a wouse, thcugh the additional "price" paid for
larger eyes is so swall iu the larger snimal thst natural selecticn has
detervined larger resultant absolute size, albeit wuch smaller relative
size; therefore, although eyes do not "need™ to change in magnitude with
change in a given linear (parsllel to the body'g maln axia) bodily dimenaicn,
1 (therefore tending to very with essuntially 1), altered selective
Pressures yi’ld change in eye volume roughly proportionhate to a given
dimension (1°). But a3 an exanple of different effacts, the quantity of
insulat ing Bair iB Dsrwaly needs to fuorease approximetely with the squers
of » dimensfon (1), slthuuph the lavger animal méy have proportionataely
wore halr because ft cuu: vith less detrimuntal effecta sustsin more haic
(for axample, ahrew versun svak-ux) or msy have less becsuse fts larger
bulk provides fu essenie (ta uwi juproved iusuletion (shiew versus &lephant),
Other portions ot ths uigsnlax, wuch as the volun@ of tha cireculatory
system, nevd to vary in wuss apptuxicately with 1%

The strength of suaclew {a proportionate (o their cruss-ssstional
area, oo for equivalent strungth in body muvements «- aince length tor
most suecles cust vemsln propuitlonste to & given Jinest divensign e the
wuscles wight be expected tu very In arvsa-ssctionsl atea with l s 80

)



5
muscle msos would very with f, or, if ths expanding suscles constitute
o digniflcant portion of bedy-might gnd body~weight is tha forcs resisting
the musele action, waelg voiume or mass would theoretically tand te

inczease by os much as 1' (R&waxds, 19608), But the feasidble propoztionete
lsteral expension of 01Y major muscles i3 ebvicusly limited; furthermors,
a8 @ muscle expands laterslly {¢ bacomes progressivaly wsaker (. presore
tion to cross-sectional muscle ares becsuse of limitetions concerned with
tiver sligrment, Thus only muscies espesielly crucisl to survivel and
relstively thin i smaller variants of § geners) animsl type f£ind rals-
tively much thicker snologues (geners}ly homologues, if ths organisms ore
Zairly closely related) in larger forms, 8o musculature volumse snd mess,
generslly the lorgest system of the b in 811 but the smallest snimals,
in most cases imcrsases by lcgs then 17, end betueen individusls of &
species by little more thsn 17,

As the £irst of only two gmong many reccgniseble ifllustrations of the
application of principles of similitude to humsn muscular phencmena, one
investigator (DeWitt, 1944, p. 63) concluded: '"Hesvier and teller man
appesr to be handicspped in pexforaing tests of the sit~up type.” This
observation is rsadily explicable if it {a recognized that whew the primary
or total resistanca to puscle sction {s the body itself, strength varies
with 12 but body-aeight with 13, and that when all factors exsept body-size
are equal the proportion of miscular tissue is fairly copstent, Larger
buwans sre thus sppreciadbly wesgker in moving body portions, ILikewise, it
is understandable that gywnaste are much smaller, relatively stronger, snd
absolutely weaker then moat other athletes (DiGiovanne, 1943),

Another system which, like the musgculsr, “"should" increase with zore
than the fourth power of a given dimension is the skeletsl, for the supporte
ing strength of a bone is groportion&to to croas-ssctional srxea, support
needs vary with weight Qs s @nd bone length mmst vemsin approximately
proportionste to a given 1ivear dimension (13* « 1 = 14%), JPor two rsasons,
there is for larger vertsbrates much less compronise toward the mare fcas-
ible gaometrically similer increass (15) from the needed {ncrease (14*) tor
the skelatal than for the musculer syitem. First, & mascularly woaker sni-
wsl may, depsnding upon the mediuw im which it lives, survive dagpite rale-
tive lsck of spead snd bodily dexterity; tox exsmple, increased bulk provides
compshsstory defense against predatozs, But one with very Z:cqunnghgkoxctal
fractures becsuse of compresaion atrssgses csnmot aurvive, There is thus
less tolarance in the desands for skelatal strsngth, 8acond, approximately
proportionate strength in larger bores ceu be schiaved by the deposition of
xore minersl salts withip the bone, with 1ittle i any change in propore
tionate extarnal dimansione; thet i{s, more spongy cubstance can ba zeplaced
by compsct subatanca in larger snimale, and the cantral cavity of bonss
possassing thia feature can de ptoporsionltoly rednced, Thua, althdugh
mecle weight uay for a given orgts of waxmalian quadrupeda ba on the average
approximately proportionata to 1°¢°, tha exponent of a given lincar dizane
sion may for skeletal weight approximote 3,6, The rate of increasa {s most
vapid with larger body-eisa, when lesast “affordpd," for by the humsn level
ol size the minixal lkclotoi proportions are approgchad, 8o beyond humen
eize Lhats e @ progressively smeller range of folarance within which nsturel
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selaction can operats in seeking the optimum compromise proporticn (Fdwards,
1960b).,

The maxisum size of the largest texrestrisl animals, i{f not determined
by available food resources snd the other species competing for thst food,
is most frequently limfted by the proportionately decreasing muscular strength
and especially zkeletal strength, in sccord with the principles of geometrical
similitude indicated. But aqustic forms, such ss whales, supported in 3 1ig-
uid medium, have very different limitations,

5., RELEVANT GENFRAIL "ATA ON SELECTED ANTHROPOIDEA

An sberrant represercative of the platyrrhine monkeys, the spider monkey
(Ateles) is relatively sbundant throughout most of the tropical forest areas
of South and Central Americe, and has the northermmost extent of all subhuman
New World primstes, at lesst to central Tamsulipas, Mexico, The spider mon-
key is primsrily frugivorous, but it also occasionally eats bird eggs and
insects. Adult trunk height (superior border of pubic symphysis to supra-
sternal notch) averages pearhaps 24 to 30 cm., tail length is usually 60 to
80 cm., and adult body-we. . generally varies from 5 to 7 kg. (Hill, 1962).
The tail, likely the largest among the primates both ebsolutely and, at least
in mass, relatively (Edwards, 1961), is a grasping structure employed from
birth as the most highly developed caudal "fifth hanc" in the animal kingdom
(Romer, 1959, p. 312); smong primetes, prehensile tails are limited to some
American genera, As the mother progresses through the forest, the infant's
tail is coiled about the base of her tail, while "the infant's feet grasp
the mother's flanks and the hands grip the hair on her sides" (Hill, 1962,

p. 456). Older spider monkeys locomote primarily by walking quadrupedally
along the tops of branches, but, especiolly between br ‘hes, they frequently
brachiate -~ swinging rather like a pendulum with the Jy alterpately sus=-
pended from one hand and arm and then the other, a8 successive branches are
grasped, Aa adaptations for brachiation, a mode of locomotion unique among
New World monkeys, limbs are extvemely long and thumbs are almost absent,
Bven when not brachiating, spider monkeys tend to keep the trunk of the body
in a more nearly orthograde (vertical) position than other platyrrhines. 1In
fact, "they often assume an ersct attitude [§7the tail is raised high, para~
1lel with the spinal column, and used us a balancing organ" (ibid., p. 451).

Ths spectacled langut (Lrachypithecus obscuxus), a leaf-eating native
of southeast Asia approximsting the apidar awonkey In size, is the only non=
honinoid brachiator discovered by Avis in her recant (1959) survey of the
01d World primetes, Although svan Ln cagus such arm-swinging is rave and
only inciplent in developwenrt, un orthograde posture of the trunk is frequent
while climbing through the trees, Hut typical quodrupedalism is the cuatomery
locomotion,

Most baboon (Paplu) apecluu, ut wany accas ol Africe and Arabla, are
owtdvorous and appreclolily heaviwi thaun tha monkeys jual wentioned but have
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shorter 1limbs of e¢qusl length ~~ zlthough relstively longer than those of
most cstarrhines (Mortor, 1927, p, 181), The 1ittle~specislized, equsl
limbs reflect typical terrestrisl guadrupedslfsm, # primarily non~srboreal
adaptstion -~ along with a reversion to an elongated, dog-like muzzle == to
gressland sress, with only sperse if any trees, Defensive compensstions for
non~-srboreslism include huge canine teeth, likely the highest an{msl intel-
ligence with the exception of thst of the great apes and man, &nd fairly
complex and effectiv. jocial orgsnization,

The omnivorous rheaus monkey of India is s member of the genus Macacs,
sbundantly represented from Gibrslter to Jepsn and the East Indies., WIth
2 trunk height of rwughly 35 cm, (Hocton, 1942, p. 201), & newborn weight
of .45 kg., and adult body~-weights of 11,0 kg, for msles and 8.0 kg, for
temales (Spector, 1956, pp. 128 and 158-159), the rhesus is moderately lar-
ger than the spider monkey, langur, or gibbon, Their present primsry ter=-
restrialism, the writer would suggest, is mainly the result of humsn defor-
estation; in the trees and on the ground, locomotion is generslly quadru-
padal,

A single polytypic species of gibbon comprises the gemus Hylobates of
southeast Asis snd the East Indies (Montagu, 1951, p. 72); the writer would
suggest that eventuslly this genus will be combined with that of the closely
related siamang (Symphalangus) of Sumatra, with a single monotypic species,
About 80 per cent of the food consumed by the gibbon is fruit, while lesves,
buds, and flowers mske up most of the remainder, supplemented by various
insects, bird eggs, and young birds (Carpenter, 1940, pp. 81-89). At birth,
the infant gibbon weighs less then 0.4 kg. (Schultz, 1936, p. 268), With
extremely little sexual dimorphism, most races of adult gibbons average some
28 ¢n. in trunk height, less than 90 cm. in total stature, and approximately
6,0 zg. in weight, about haif the body-weight of the siamang. The very long
and thin limbs, with hands of similar proportions (but retaining & thin thumb
of moderate length), represent adaptations to brachistion., Despite very
“long, thin spindly legs and arms,” the infant gibbon manifests surprising
grasp-supporting strength, grasping around the mother's body or its hair
alone, and from birth it is apparently never carried on its mother's back
(Carpenter, 1940, pp. 141~144). Unequalled even by the spider monkey, this
swallest hominoid is the most proficient arboreslist awong the primates,
with speed of brachiation -~ approximstely 90 per cent of locomotion «=
often as great as that of a very fest human runner on the ground (Carpenter,
1940, p. 78). 'They are so, , .strong that they can jump with esse from
one branch to another 1% or 20 feet away" (Felce, 1948, p. 11), and may aven
cross spaces of 35 to 40 feet (Hooton, 1946, p. 27), Some 10 per cent of
locomotion {s by walking along branches, with the arms generally extended
latarally for balance or to grasp branches to the aide or above for addi-
tional security. Walking on the ground (very vare in nature) ia altarcne-
tively by cluasy quadrupedalism, another special kind of quadrupedalism
involving swinging the trunk snd legs between the anormoualy long arme used
as crutches, and bipedalism, with the arws used as balancing devices, axcept
fn captive {nd{viduals after much practice (Cotvpenter, 1940, pp. 66-79),

The oranguten (Ponge) of Rorueo anu Sumatta (and formatly extending at
loaet to southern China) {8 almext exclusively frugivoroua, With macked
sexual dimorphlsm, adult mala tiunk betight {s sowe 55.% cm. (writec's
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estimets from miscellunecus dats) ond body-weight averages about 75 kg.,
with femules only half that weight, 1In its metural habitat, it prefers

to test the strength of stouter branches befrre entrusting its spprecisble
weight to them (Hooton, 1946, p., 29), bul it frequently progresses fairly
rapidly by brachiatfon, which does not permit such testing (Kroeber, 1948,
pe 47), Except under duress, it apparently never cescends to the ground,
where it can walk, withoul training, only in very slow snd cluwsy quadru~
pedal fashinn (Felce, 1948, p. 9).

The chimpanzee (Pan), brouadly distributed in the tropical forests of
Africa, is rep »sented by at least three "species” (or likely only races)
and is primari. s feugivorous (Nissen, 1931), The wost nearly huwsn in many
respects, it is .ae best-known non-human primate, After s 237-day (216-261)
gestation (Spector, 1956, p. 128), the trunk height is about 13 cm. (Riesen
and Kinder, 1952, p. 12), snd the average weight of seventeen chimpanzees
measured within 36 hours after birth (Yerkes, 1942, p. 54) was 1.89 (1.61
to 2,26) kg., although the writer would suggest that captivity may tend to
reduce the gestation if not the birth~weight. 1In infancy, the arms of the
chimpanzee are very thin, while its legs are much more muscular; however,
during ontogeny there occurs a trend culminating in near-reversal of rela-
tive musculority, with the arms, over a third longer than the legs, increas-
ing to aluwost equal mossiveness;, Eacluding the rare pygmy chimpanzee, adult
male trunk height is some 4%.6 cm., while body-weizht is about 46.5 kg. in
males and almost 40 kg. in females (these figures represent a synthesis by
the writer from various sources). Since each adult female has one young
approximately every two to three years (Nissen, 1942), brachiation is
apparently learned to a fair degree of proficiency by the age of two, As
adults, despite the fact that only a third of the time is spent in the trees
and only s minority of that at brachiation (Nissen, 1931, p. 35}, they are
almost as adept at climbing and brachiating as their exclusively arboreal
and far more specislized cousins, the orangutans (Kroeber, 1948, p. 48).
Locomotion ducing the two-thirds majority of time is virtually exclusively
quadrupedal -~ plantigrade on ihe hand-)ike fcet but on the knuckles of the
hands; the longer arws and hnuckle-walking casuse the trunk to slope some-
what upward co the shoulders. Erect sitting and occasionsl standing are
also characteristic, while at least captive chimpanzees walk erect at times,
mostly while immature,

ey

Probably because of relatively recent human incursions, the lowland
end mountain species, or more likely races, of gorillas of central Africa
are separatcd by some 650 miles of Upper Congo forest (Hooton, 1942, p, 63),
Like the other great apes, Lhey are primarily fruglivorous, with bamboo
shoots providing anothe. uwaejor item of the diet, They walgh only about 2,0
kg, at birth (ibid., pp., 835-86), but are the largest ol ''e priuates,
present and likely past, as wdults, with total stature .. both lowland and
mountain walo gorillas te 196 cwm. und averaging opproxlimately 168 cm, (5 ft.
6 in,), trunk height 56,2 cm, (lowland) and 60,3 cm, (mountain), and body=
weight 193 kg, (lowland) and 210 kg. (wountaln); {emalus are roughly two-
thicda as hoavy, Although primarily tecreutvial, with the largeat adulta
almost nevar climbing tiecs, "youngstera of intarwodlate slie sesunud to
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fraquent the trees more than the smallest or largest representstives of 4
group. hey/ were observad playfully climbing trees in the cold forest
with okill not greatly inferlor to that of coptive chimpenzees" (Binghsm,
1932, pp. 32, 37, and 60), "When young, . .climbing antics and scrobstics,
which i{nclude frequent brachiat {ons or climbing or swinging by the ostms, sre
endles: an. sre executed with vigor and sgility" (Polyex, 1957, p. 1015).
On the ground, gcrillas employ the same knuckle-walking quadrupedelism ¢s
chimpanzees, but the trunk is more nesrly horizontal., But unlike sdults,
which occasionally stard or wrestle in erect posture, young gorillss sppar-
ently walk erect with modervate trequency, with humun-like stride and with
hends at their sides or clasped behind their backs (Hooton, 1942, p. 77).

Humans in the United States have st birth s trunk height of spproxi-
mately 17 cm, (Riegen and Kinder, 1952, p. 12) and weight of 3,49 kg.
(8pector, 1956, p. 162). Adult American Caucasoid males and females have
total statures averaging 177 anu 163 cw, and body~weights of 70 and 56 kg.
(ibid., p. 176); adult male trunk height {s roughly 74 cm. (estimated by
the writer from data in Bayer and Bayley, 1959). All humsns go through a
quadrupedal stage of locomotion, in very rare individuals to the age of
five years, but, like the gibbon, fingers as well as toes are extended,
although rare knuckle-walking of the hands has been reported.

4, GRASP REFLEX AND GRASP-SUPPORTING STRENGTH

Although uot too frequently observed, or st lesst noted in published
reports, the grasp reflex is fairly surely common to all middie and higher
primates, and likely at least most proaimians as well. This reflex is oper-
stive from the moment of birth, with the hands and feet closing tightly
about any object touching the polms, soles, or ventral surfaces of the di-
gita, Sufficiently great strenglh is manifested to support the body of the
infant, generally from & single limb and Eor a considerable duration, Adults
usually exhibit roughly equivalent grasp-supporting strength, but of a vol-
untary nature, except when Influenced by certain drugs or some forms of brain
damege, including certain experimental lesions, when the reflex returns
(Richtar, 1934, p. 328) =« or its curtical learned inhibition is removed,
the writer would suggest.

Richter (1931) reported experiuentation on five newborn rhesus monkeys
(subsequently extended to nine), whichwpported themselves on a horizontal
rod by only one hand for as long us 33 winutes, with maximum duration at 15
to 38 days after birth., Two ut the tive wonkeys wanitested two peaks of
supporting strength, at 1o aud 1 and wl & and 26 days; a third apparently
experionced threo peaks, at 13, 21, auwa o3 duys, One wonkey still showed
the raflex when experimentotiun was Jdisguntinued st 03 Jays, The waxiouz
duration of suspension Lor Jdrugged wi operated-upon adult wonkeys was only

two winutes (ibid., p. 328).

The nawborn gibbon's grual pia.p-auppotting strength and endurance,
degpita very thin limby, has alieady buen nuted, Dospite arws proportione
ately almoat aa thin as the wewnearn's, the adult gibbon alao manitests an
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extreme smount of grasp-supporting strength, ss {ndicated by brachiation
itself ~~ especially the remarkable case of & one~ermed gibbon which had
presumably continued to locomote fsirly satisfsctorily for some time
(Carpenter, 1940, p., 75) -~ and, more directly, by the habit of hanging
for lengthy intervals by one srw or even one leg while using the other
three limbs in feeding (ibfid., pp. 84-85), s performance exceeded only by
the gpider monkey, which often employs all four extremities in manipula~
tion while suspended by its prehensile teil (Hill, 1962),

Despite the relative thinness of the arms of young chimpanzees, the
average one-day-old infant is able to hang by one hand for socwe 60 seconds,
and several times longer at two weeks, with a8 five.minute maximum at that
age (Riesen and Kinder, 1952, p., 141)., Riesen and Kinder (1952, pp. 14l-
143) have analyzed the grasp reflex into several components; the first
failure of closere to stretch occurs at approximately 12 weeks, and the
first withdrawsl from nslmar contact at 16 weeks, Although Jacobsen,
Jacobsen, and Yoshioka (1932, p. 54) state that "Alpha" showed no decline
in the ability to hang by one hand throughout infancy, Riesen and Kinder
(1952, p. 140), noting the likely significant role of varisble exercise
(Nissen, 1931, pp. 83-85), indicate a marked diminution in such relative
strength after a two-week maximum, as likely exemplified by the 2i-month
chimpanzee able to support itself with both hands for only one minute
(Schultz, 1936, pp. 263-264). Despite the fact that, becsuse of much-
reduced exercise, young caged chimpanzees are not nearly so strong as
those in the wild, the writer has observed, at the Aeromedical Field
Laboratory of Holloman Air Force Base, one two-yesr-old chimpanzee of
twenty pounds climbing with facility up the side of a wire-net cage with
another of equal weight clinging to it, by grasping its pelage only.

Gorillas manifest the grasp reflex at birth, but their suspensory
ability has apparently nrever been tested. In young individuals, it must
be considerable, however, as monifested by their excellent climbing and
brachiating ability, previously noted. But adults become very slow climb-
ers (Hooton, 1942, p. 78).

The grasp reflex, present initially in humans, constitutes cne of
the very few iteme of innate behavior f£ound in all human infants at birth
(La Barre, 1954, p. 105), or indeed in primate infants in general., "The
very raal power of an infant's hand-grasp A4 extraordinary /,7 one of
the moat astonishing featuras of a newborn baby" (Jones, 1926, pp. 205
206). “Barly grasping is reflexive, 1t ie a two-component activity cone
sisting of fingar closure and gripping. Closure occurs ia responss to
light pressure stimulation on the palm, whereas gripping is & static prow
priocaptive reaction to a pull againat the fingar tendons, Finger closure
first appears at about 11 weeks in fetal life and iy quite complete at 14
wasks, The gripping veflex appesars during the 18th (prenatsl) week"
(Gasall ot al., 1940, p, 80). Aa highly variable in strength as that of
the rhesus, the maximum suspension time for 60 infants grasping a hori-
sontal rod by both hands recorded by Robinson (1891), who was apparently
the firat to report the reflex and asacciatal suepensory ability in any
primate, was 135 seconds, Richter (1934) conducted compsrable two-hand
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tests on two parallel horizontal rods, with & meximum durstion of 128
seconds at 18 days of age and 8 maximum sverage durstion of 66 seconds in
six tests in s premsture {nfant between 1 and 8 days of age., "Infants

vith long fingers ere in general superior to those with short fingers in
strength of reflex gripping., . . . The closure reflex apparently dissppears
at 16 to 24 weeks after birth and is eventuslly succeeded by facile digitsl
prehension, 1Its proprioceptive component attains its greatest strength at .
or soon after birth and shows no appreciable weskening until after about 12

weeks, It dissppears 4fter 24 weeks but vestiges of this 'stretch' reflex

sre evidenced in the ‘phasic’ resctions of the fingers of adults" (Gesell

et al., 1940, p. 80). It might be noted that voluntary release, the counter=-

paert of grasp, is "one of the wost difficult prehensile sctivities to master

in early life," beginning about 44 weeks, but difficulties persist through-

out the first four years (igig., p. 82).

Moderately correlsted with grasp-supporting strength, althcugh involv-
ing extensor instead of flexor muscles, the number of push-ups generally
attainable increases throughout preadvlescence and until early adulthood,
except for & platesu which is ettainea and maintained in the typicsl human
male from 8 through 12 y:ars of age (Buxton, 1957, p. 214). Yet even at
adulthood, the grasp-supporting strengih, or at least endurznce, 18 in many
and likely most cases even less than at two or three weeks, as indicated by
the maxioum suspensory time of 150 seconds amcng adults tested by Richter
(1934, p, 331).

5. INTERPRETATIONS OF THE GRASP REFLEX AND GRASP-SUPPORTING STRERGTH

There seems little doubt tnat the grasp reflex of maen represents a ves-
tigial survival of & trait atill essertial among his primate cousins for the
continued existence of the infant by clinging to the psrent in an environ-
weny in which octive locomcticn of very young individuals is not feasible,
Contrary to the interpretation of apparently all other students of the
problem, the writer does not recognize clear evidence for any weakening of
the reflex, for it has likely retained, during many millions of yeaers of
terrestrialism, essentially its level in arbcreal ancestors of wén, not
only because of the likely low mutation pressure for alteration of the
reflex ond the lack of anti-adaptive sclection for {ts remcval but slso
because of probably slight gelective pressure for its retention among pri.
mitive migratory populations, which characterized #11 hominids until the
last small fraction of one per cent of their evclution, But asaociated
muscular strength and endurance has declined since man's ancescore deaw
vonded to the ground through lack of equivalent salectiv~ prassure for
grasp-aupport ing strength, end rvelativa strength has grostly declined
because of the many-fold {ncreasce in neonatal body-aize,

The intecvpretation of tha {luctueting grasp-supporting performances
by the sawe Lnfant and the great difivvences in psvfurmances batwean dife .
gevent {nfants of the some sprcies way be conaidered neaxt, Tha writer
would auggest that, abihouph due at tewst fn part to fuctora the relative
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intensity of wiich at different times is subject to chance variations, the
multiple peaks evident for the majority of rhesus and at least some human
subjects may to a large degree reflect simple maturation of the muscle
tissue, muscular hypertrophy due to the experimental exercise, or perhaps
learning at least semi-voluntary control. It should also be emphasized

that slight changes in relative strength can effect great changes in en-
durance when the load (in this case, body-weight) approaches the maximum
sustainable, and this phenomenon also largely explains the great differences
in duration of suspension between individuals.

Human infants with longer than average fingers (assuming equal finger
and object diameters and proportionate points of muscle attachment)
experience the same advantage in strength of grip as the chimpanzee rela-
tive to man -- a simple mechanical advantage of leverag=.

Since strength is proportionate to c¢r 3-sectional muscle area, which
varies directly with the square of a giveL .imension in geometrically sim-~
ilar (equally proportioned) animals, while body-weight is proportionate to
the cube of a given dimension, suspensory strength is inversely proportionate
to the height, or the cube root of the weight. Thus assuming for the sake
of analysis that all the primates here considered were proportionately iden-
tical, the relative strength would be inversely proportionate to the cube
roov of body-weight. Employing the body-weights previously cited, infants
of the species indicated would have the following grasp-supporting strength
relative to that of the human infant: rhesus, 198 per cent; gibbon, 209;
chimpanzee, 123; and gorilla, 120. Comparable percentages for adult males
are quite different, however: rhesus, 185; gibbon, 227; chimpanzee, 113;
and gorilla, 69, Similar calculations indicate how the infants can have
grasp-supporting strength superior to that of their parents: rhesus, 290;
gibbon, 251; chimpanzee, 291; gorilla, 472; and man, 272 per cent. Thus
vhe fundamental reason, geometrical similitude operating on differential
body-size, is apparent for the superiority in relative strengtn of smaller
species and, generally, younger individuals, as well as the likely superi-
ority of smaller newborn human infants, despite some correlated prematurity.

Of course, through natural selection somatic proportions are adjusted
to compensate to the extent optimally feasible for differences in body-size,
both ontogenetically and interspecifically. A very thin muscle paralleling
the humerus, for example, would need to increase its cross-sectional area
with the cube of increased height, and thus increase its volume to the fourth
power of a representative linear dimension, as discussed earliesr. But if
the entire musculature of the body noeded to increase in order to maintain
constant relative strength -« more nearly the case for arboreal primates ==
because the masa of the skeleton 1s lorge and haa the snmo theoretical needas
as the musculature and because the muasculoskeletal asystem constitutes more
than a third to well over a half of the total body~weight in primates, the
musclea would tend to increase in velume by almost the seventh power and in
dlamoter by almost the thard power of their leagth. Since auch enormous
increases in bulk are olearly imposaible with great changes in length or
stature, increased mnssiveness, espocially of the arma, is combined with
reduction of proportionate arm length and esspecially leg length, aas well aa



011 dimsnsions of the lower trunk, in the lergest primatee., For the same

reason, older primates davelop proportionately heavier srms, Neverthelcss, .
the optizun compromiss tovard vhich selection afms fnvolves relstively less
gz;;p;aupporting strength for lsiger species and generally for older {ndi-

viduals,

The great suspension time superiority of the rhasus monkey over the
chimpanzee is obviously due to the fact that there is not only a marked
difference in relstive strength (61 per cent), but slso endurance increases
disproportionstely with rclatively slight reductions in sub-moximal loading.
The chimpanzee and human data reveal that the ape understendsbly is clearly
stronger both relatively and sbsolutely,

The rareness of adult gorflla arboresality and the gorilla’s slow snd
clumsy climbing when arboreslity occurs hss spparently slways besn ascribed
primariiy to the danger of branches breaking. The foregoing analysis re-
vesls that the major determinant is thet, despitz its grest msssiveness of
musculature, the gorilla {s relatively weak.

Finally, the decline (deewed probsble from push~up studies) in infancy -
followed by gradual rise to maturity in grasp-supporting strength and endur-
ance in humans is due to the iuterrelstionship between the disadvantages of
lsrger body-size and the advantages of proportionately larger snd -- asso=~ .
ciated in part, slmost surely, with maturation ss well ss exercise -~ more
refficient™ wuscles,

6. POSTURE OF ANTHROPOIDEA

The posture of monkeys and spes has already been described in almoat
sufticient detail for the purposes of this peper. In very brief summary,
with sowe additional data, it may be noted thet va.ious primates cccesion-
8lly atand and even walk erect, including the indri lesur (Hooton, 194.,

p. 310), many platycrrhines, and the Japanese macaque. A greatar number of
prinates, suck as langurs, fcequently climb about trees with the trunk ix
an orthograde pusition. Some lemurs and most monkeye spand a large portion
of their time sicting, with the trunk eract (theraby fresing the hands for
other purposas). But the most frequantly ocvthograde primates, other than
man, are the truc brachiators, The spider monkey and the gidbon both welk
bipedally e large portion of the tima in the trees and customsrily onh the
ground &s well, when sucouraged by frult to descand brisfly (Carpentet,
1940, p. 84). Although gibbon muscle proportions ave fairly similar to
those of man !Tappon, 1955, pp. 417-41%), edult grast apes have, at least .
in moat rtospecta, uwuch batter doveloped lower axtremities for support than
the smallar brachistors, both in relative leg thicknass and in proportionsts
nagsivenass and “architectural™ deaign for support (McMurrich, 1927; Morton,
192?), Tho awauenca of prograssive merphologlicel spsalslization of the legs
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gor the function of supporting the body {s orengutsn to chimpanzes to
gorilla, which {s the sams sequence as that of relstive terrsstrislism
and alwost that of relative size, 8o {t might be expected that the great
epes exhibit the greatest smount of bipedslism., Yet the frequency of
bipadalism in the spes is almost precisely ths reverse sequence of those
sdaptetions which wight seem to have devaloped to mske it possible. All
three grest spes are bipedal much of the time in ths trees, but not often
truly so, for branches are held by the srms not only for more secure bale
ance, as frequently with the gibbon, but generally for additionel support
of the body-weight as well. On the ground, adult great apes (the orangu-
tsn, of course, is terrestrial only momentarily unless forced to be) often
sit with the trunk orthograde but only rarely stand and virtually naver
walk bipedaily, But, like rhesus monkeys (Hines, 1960, p. 470), orangutans
(Yerkes and Yerkes, 1929, pp. 113~116; Hooton, 1942, p., 124), chimpanzees
{observations of the writer st Holloman Air Force Base), and gorillas
(Hooton, 1942, p. 77) do very frequently welk erect in captivity when young,
despite the rarity of such bipedalism as adults. Whether the much greater
incidence of bipedalisn in captivity is due to imitation of humans and
greater frequency of (playful) csrrying of objects, as the writer would
suggeat, or to some other foctors (Riesen and Kinder, 1952, p, 170), the
fundaxentsl fact is thst young great spes readily adopt terrestrisl biped-
alism, but instead of improving in this ability appsrently must largely
abandon it as adults.

7. INTERPRETATIONS OF THE POSTURE OF ANTHROPOIDEA

The explanation, based largely on principles of geometrical simili-
tude, of the differences in the postural phenomena is so similar to that
previously considered for arm-supporting strength that no axtansive dis-
cussion is needed. Adults are larger and therefore csnnot, because of
relatively weaker loga and feet, walk erect as readily ss immature indi-
viduals of the same spaciea. Spacies of larger body-aize have, as an
attempt to couply with the demands of gimilitude, legs and fest better
adapted to support body-weight, bipedally or otherwise, but as with graap-
supporting strength, tha optimal compromise of adjustmant does not fully
compansate for the handicap of largar body-size., Thus is accounted the
sempirically observed "correlation of a high arm-body ratio with arboreal
habits and with terrestrial bipedelism" (Mortom, 1927, p. 184), and the
quadrupedaliam of the pongida is seen to bear no relationship to "their
prolonged arboresl axistence,” as has been suggested (ibid., p. 186).

Pinally, the {mplications of the dateminants of posture to human
avolution nay be considered, Many students of human avolution have agreed
that man's ancestor was forced to descend from tha trcex becasuze of the
ratreat of the forest boundary (Howells, 1945, p. 103), or because of tha
davelopsant of excessive body-sisa (Linton, 1936, p. 11} Hooten, 1946,

p. 106; Krosbar, 1948, p. 21), Both explanaticns are baaed upon fallacies;
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ths primary csuse of descent was probably population pressure (at least
sessonally) in the forests and the nesd for additional food, But such
inmovetors slmost surely had to walk erect "immedistely” (actually
transitionsl interval of st least humdreds of millenis, undoubtedly) or
31ge employ terrestrisl quadrupedulism, for adaptation to either mode of
locomotion is cumulatively self-ceinforcing. As soon #s the arboresl
ancestor of baboons becams tcrcestrisl, it adopted & quadrupedsl posture,
and sealection for greater specializstion for terrestrial quadrupedalism
was initisted quite irrevocably as the present dog-like form developed.
Although it is bsrely possible thst a generslly but not exclusively quad-
rupedal ground ape might shift graduslly to erect posture, especislly if
aided by body-size reduction, as scems indicated if the conclusion of

1e Gros Clark (1955) and others tust the austcalopithicines had developed
only very imperfectly erect posture is correct (which the writer very much
doudts), man's ancestor probably hsd to wake an immediate "choice,™ as
Howells (1945, p. 103) has coumented., Man's ancestor had developed scae
proclivity to an orthograde posture arboreslly, but not neczssarily through
true brachiation, and he had quite surely practiced at least occasional
srboreal bipedalism, or he could hacdly have chosen such a mode of pro-
gression upon his descent. But his juwer extremities were quite surely
st the start no better developed fur terrestrislism than in the modern
gibbon. Since the gibbon is apparently just slightly on the bipedal side
of the fence of choice for terrestrial locumotion, it seems probable that
man’s ancestor wes &t most not wmuch lsrger than the gibbon.

The descent to the ground probably occurred before the graessland
eavironment, developing &t the end of the Cligocene, had been exploited,
that is, before ita major ecologic niches had been filled with forms bacom-
ing progressively "improved" and speciglized to waintain their positions.
But the consideration of swmall budy-~aize implies even earlier descent,
The gibbon descends only rarely ana briefly because it is relatively
defenseless againat modern terceatrisl carnivures, so man's ancestor,
since his social organizatiun wis piobably little better than that of the
modern gibbon, if as good, must Leve descendea betore the carnivores had
developed greater speed, intelljgence more nearly watching that of man's
sncestor, &énd body-size markedly superior to the individual or group
insugurating terrestrialiam. The last consideration seems to indicate
the surprisingly early date of the Lats Kocene ut Eacly Oligocene for
wan's descent from the trees and tne ¢stablishing of the huwinid family
of bipedal primates,

8. CORCLUSIONS

The long~parplexing phenousna o yrasp-supporting wtteugth -- o3
great in human infants as in sduits aud wuch yrestsr fn intant thasue
uonkeys than in infant chimpancews, despite the equivalent acboreality
and the chimpanzess' spacisliaution for brachistiva << are properly ascribe
able to the operation of priunciplen ut yuowstricel siwilitude, which detare
ni2; thut, all olse being squivalewr, luvger animaly wiu vealatively weakar
aninals,
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3imilarly puzzling has been the fact that the adult gibbon walks
erect much more frequently than any of the great apes, despite the better-~
developed-for-support legs and feet of the latter, and the fact that
bipedalism is more readily achieved by young great apes than by adults,
The operation of geometrical similitude on species or individuals of
larger body-size, for which optimal form only partially compensates for
greater size, again explains the phenomena. Since bipedalism becomes
increasingly diffisult with increasing body-size, it seems highly prob-
able that man's ancestor, at the time of descent from the trees, was quite
small, and therefore the descent was probably accomplished at a very early
time, before terrestrial carnivores btecame too formidable to cope with.
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